The recent discovery of a light CP-even Higgs in a region of masses consistent with the predictions of models with low energy supersymmetry have intensified the discussion of naturalness in these situations. The focus point solution alleviates the MSSM fine tuning problem. In a previous work, we showed the general form of the MSSM focus point solution, for different values of the messenger scale and of the ratio of gaugino and scalar masses. Here we study the possibility of inducing a light stop as a result of the renormalization group running from high energies. This scenario is highly predictive and leads to observables that may be constrained by future collider and flavor physics data.
Introduction
The recent discovery of a Standard Model (SM)-like Higgs boson at the LHC [1, 2] , has renewed the interest in weakly coupled extensions of the Standard Model, in which the effects of new physics decouple rapidly as the new physics scale goes above the weak scale. Such models include the minimal supersymmetric extension of the SM (MSSM) [3] . This model includes two Higgs doublets and the lightest CP-even Higgs mass is determined in the limit when the rest of the Higgs spectrum is heavy by the neutral gauge boson mass, M Z , the ratio of the two vacuum expectation values tan β, and the stop mass spectrum. The measured value of the Higgs mass, m h ≃ 125 GeV, may be obtained for moderate or large values of tan β and a stop spectrum at the TeV scale, provided the stop mixing parameter X t is larger than the average stop mass scale. Larger values of the stop mass scale would be necessary for smaller values of the stop mixing parameter. In particular for small values of X t and tan β > 5, the stop mass scale must be of the order of a few tens of TeV [4] [5] [6] [7] .
The physical Higgs mass m h has a logarithmic dependence on the stop mass scale. However the Higgs mass parameter depends on a quadratic way on this scale. Since the Higgs mass parameter must be of order m h for a proper minimization of the effective Higgs potential, a fine tuning between the tree-level Higgs mass parameter and the radiative corrections must be present. Since the radiative corrections, and therefore the fine tuning, quadratically increase with the stop mass scale, fine tuning arguments lead to the preference of models in which the stops are not heavier than a few TeV and the mixing parameter X t is sizeable at low energies. Even in the case of stops at the TeV scale, there is the question on the conditions to obtain a Higgs mass parameter at the weak scale when the stop spectrum is of the order of a few TeV, particularly in the case of large messenger scales, in which the radiative corrections to the Higgs mass parameter are increased due to the logarithmic dependence on the messenger scale.
In a previous article [8] , we analyzed the general conditions under which the low energy Higgs mass parameter becomes independent of the overall supersymmetric particle mass scale. We call these supersymmetric models generalized focus point (FP) scenarios, since a particular case is the focus point [9] [10] [11] , in which the scalar masses are universal at the Grand Unification scale M GUT and the gaugino mass parameters are much smaller than the scalar masses. In these models the radiative corrections are not small, but the dependence of the Higgs mass parameter on the boundary value at the messenger scale is appropriately cancelled with the tree-level Higgs mass parameters at the messenger scale. The precise cancellation would, in principle, imply a large fine tuning, since it would imply a precise correlation between the values of the Higgs and stop supersymmetric mass parameters at the messenger scale. The idea behind the focus point is that the necessary correlations occur naturally in specific supersymmetry breaking scenarios, eliminating the need for fine tuning of the mass parameters.
In this article we will analyze the possibility that these correlations could also lead to a light stop in the spectrum in the generalized focus point scenarios. In section 2 we discuss the phenomenological properties of light stops. In section 3 we review the FP solutions and analyze the conditions under which a light stop may be obtained in the spectrum. In section 4 we discuss particular supersymmetry breaking solutions that lead to Light Stops in FP scenarios. Section 5 will be devoted to our conclusions.
Light Stops
As discussed in the previous section, the existence of a focus point in the renormalization group evolution of the Higgs mass parameter allows to raise the supersymmetric particle masses without increasing the low energy value of this parameter. Indeed, the Higgs mass parameter becomes independent of the overall scale of the mass parameters at the messenger scale, and raising the messenger scale values leads to an overall increase of the superpartner masses, without affecting the Higgs mass parameter. However, since the stop masses are affected by similar negative corrections to the ones affecting the Higgs mass parameter, they may be much smaller than the first and second generation squark masses even if they are degenerate at the messenger scale. The presence of light stops is then a generic feature of supersymmetric theories and may lead to interesting phenomenological effects, that may be detected at future experiments.
Direct searches for top superpartners have started to constrain the light stop parameter space [12] . However, depending on how the stop decays, for stop masses above or of the order of 200 GeV, light stops remain unconstrained. In particular if the right handed stop is the lightest squark then the searches are not sensitive in a situation when the lightest chargino or neutralino has a mass difference with the stop smaller than about 50 GeV, since in that case the decay of the stop is a three body decay with soft leptons or jets, making the search quite challenging. Searches for stop production in association with hard jets have started to further restrict this possibility, but currently they loose effectiveness as the stop mass increases beyond 250 GeV. Limits become stronger when there are also light gluinos, with masses below the TeV scale, but in this article we will not consider this possibility.
Within the MSSM, the lightest CP-even Higgs mass is determined via radiative corrections by the stop masses. Therefore both stops can not be at the weak scale, since this would lead to a too small lightest CP-even Higgs mass, in contradiction with the experimentally measured Higgs mass value. Here, we will concentrate on the case in which one of the two stop supersymmetry breaking mass parameter is much smaller than the other one. We will choose m U to be the smallest stop mass parameter, since it is affected by larger quantum corrections and it is unrelated to the sbottom sector, which is strongly constrained by LHC experimental searches.
The light stops may affect the Higgs phenomenology by modifying the gluon fusion rate [13] , [14] , [15] , [16] , [17] . For m Q L ≫ m U , such effects may be suppressed whenever A t ≃ m Q L . Indeed, the Yukawa coupling of the light stop to the lightest Higgs is approximately given by [18, 19] show that for these values of the mixing parameter A t , which satisfy the trivial condition A [20, 21] , there are no charge and/or color breaking minima deeper than the electroweak minimum, which guarantees the stability of the electroweak vacuum. For the smallest values of |A t |, the Higgs phenomenology is only mildly affected, while for the largest values, the Higgs gluon fusion rate is suppressed, and therefore these values of A t start to be constrained by current data. These results are shown in Fig. 1 , where we have used the program CPsuperH [22] for the computation of the Higgs masses and we have assumed a theoretical error of about 3 GeV in their determination, namely the countors are consistent with m h = (125.5 ± 3) GeV. These results differ from the ones presented in Ref. [17] The gluon fusion suppression is slightly compensated by an enhancement of the diphoton decay rate, which remains larger than in the SM. In the left panel of Fig. 2 we show the total diphoton production rate induced in gluon fusion processes. Flavor processes may also be affected by the presence of light stops. Indeed, the amplitude of the decay b → sγ is affected not only by the presence of light stops but also by the charged Higgs, and possible small flavor violation processes induced by Yukawa coupling effects in the running from high energies. Flavor violation processes may also appear at the messenger scale, induced by the supersymmetry breaking mechanism, but we will ignore these effects. The most important contributions come from the charged Higgs and the stop [23] . The charged Higgs induces a correction to the SM amplitude which is of the same sign as the SM one, but suppressed by the charged Higgs mass squared,
The stop sector, instead, gives a contribution proportional to
with a relevant logarithmic dependence on the lightest stop and chargino masses. Large values of tan β would therefore induce large corrections to this process. On the other hand, small values of tan β tend to suppress the Higgs mass. Therefore, moderate values of tan β ≃ 10 are preferred in the light stop scenario.
In the right panel of Fig. 2 we show the results for BR(b → sγ) for m Q L = m A = 2 TeV and tan β = 8, as computed by CPsuperH in the minimal flavor violating scheme for the given hierarchy between the soft breaking parameters induced by the running from high energies. We have chosen µ = 200 GeV, but the results vary only slightly provided µ is not much larger than the weak scale. We also show in the same plot the experimental central value, as well as the values allowed at the one and two σ confidence level. As with the Higgs results, flavor processes allow for a light stop, particularly for the smallest values of A t consistent with the observed Higgs mass. As it happens with the Higgs observables, somewhat larger values of m Q L will improve the agreement of the predictions of BR(b → sγ) with experimental data.
The value of the charged Higgs mass may be estimated by considering the condition of electroweak symmetry breaking. For m 2 H U ≃ 0, obtained in the general FP solution, and moderate or large values of tan β, this condition implies a relation between tan β, µ and the non-standard Higgs masses, namely In the above, we have concentrated on positive values of A t . Negative values of A t make it somewhat more difficult to obtain the observed Higgs mass and, in addition, lead to values of BR(b → sγ) which are smaller than the 2 σ experimental lower bound. However, somewhat larger values of m Q L would make negative values of A t consistent with experiment, but we will not explore them in this work.
FP in the LSS
Supersymmetry provides a technical solution to the large naturalness problem (i.e. why v ≪ M P ). However, for large scales of the supersymmetric spectrum Q 0 , consistent with the non-observation of supersymmetric particles at LHC, an explanation of the little naturalness problem (i.e. why v ≪ Q 0 ) is still requireed. One particular solution that alleviates the required amount of fine-tuning is if Q 0 is the generalized FP solution [10] of the running quantity m (Q 0 ) is non zero, but nevertheless its value (as it is small compared to the rest of soft masses) can be neglected in a first approximation. Since in all the region of parameters consistent with the observed Higgs mass and m
, in practice this amounts to selecting values of m U R of the order of a few hundred GeV, and much smaller than the characteristic mass parameters at the messenger scale. In this section we will then deduce the relation on the supersymmetric parameters for Q 0 to be a double FP characterized by
In fact we will consider the strict equality in Eq. (3.1) to make general searches on the parameter space and will introduce small realistic masses m 2 U R (Q 0 ) for the particular examples we will present in Sec. 4.
We will assume that the MSSM soft breaking terms (
. . ) are generated at some high-scale M, where they are communicated to the observable sector by some messenger fields. We use the notation M a (a = 1, 2, 3) for the Majorana masses of the SU(3) ⊗ SU(2) ⊗ U(1) gauginos while we deserve the notation Q L , U R to the third generation squark fields
where the functions η X from the RGE running have been computed semi-analytically in Ref. [24] . In particular by taking the value Q 0 = 2 TeV a fit of the functions η X [Q 0 , M] was explicitly done in Ref. [8] in a power series of log 10 (M/GeV). The functions F a are explicitly given by
where b a = ( Assuming that Q 0 is the FP defined by m
one can write the value of m 2 U R (Q 0 ) as given by the expression
where
The functions F a then determine when (whether) the LSS FP can be achieved. A plot of them is given in Fig. 3 from where we can see that (by far and depending on the value of M) the main contribution is that coming from the gluino sector.
At the LSS FP we can give the prediction of m
, while the prediction of M a (Q 0 ) is simply given by
Finally and in a similar way we have computed A t (Q 0 ) and made a fit as
where we use the fit valid for Q 0 = 2 TeV and in the range M ∈ [10 5 , 10 16 ] GeV
where y(M) ≡ log(M/GeV).
Particular Scenarios of Supersymmetry Breaking
In this section we will consider generic cases where the supersymmetry breaking parameters follows. A simple way out is to give up with the degeneracy of m U R and/or m H U , as in models dubbed NUHM [25] . This kind of boundary conditions are generic in string constructions [26] where the soft breaking mass of a scalar field is fixed by its modular weight. Non-universal gaugino masses may also be considered [27, 28] . In particular large values of M 2 , that has the negative coefficient in F 2 , Eq. (3.7), can induce positive corrections to the Higgs mass parameter without affecting the right-handed stop mass parameter, making it possible to fulfill the double FP condition even for universal scalar masses. However, since very large values of M 2 would be required for this to happen, and string constructions provide, at tree level, universal gaugino masses, we will only concentrate in the following on the case of non-universal scalar masses.
Non-Universal Higgs Masses
We will consider the supersymmetric parameters where at the messenger scale the Higgs sector has a different mass from the one of the squark-slepton sector, namely the four independent parameters at the scale M are
and will impose the double FP condition for Q 0 as in Eq. [29] , where the heavy scalars are generated by gauge mediation of an extra U(1) χ ⊗ U(1) F group spontaneousy broken at high scales, while the masses of light gauginos are generated by gravity mediation.
More important for phenomenological purposes are the values of supersymmetric parameters at the scale Q 0 . In the right panel of 
the low scale Q 0 .
As a simple estimate and to get a feeling of the order of magnitude of the involved parameters we will fix m Q L (Q 0 ) ≃ 2 TeV which is achieved in the selected region for and then implies that
where we have constrained m 0 0.75 m H to not have too light gluino masses. A particular case 2 is given in Tab. 1 where the messenger scale M = 10 10 GeV is selected and the input parameters at the messenger scale are given in the left side of Tab. 1 while the output parameters at the scale Q 0 are given on its right side. We have also used as an input parameter, in Eq. (3.6), m 
Non-Universal Scalar Masses
As we have seen in the previous section from the double FP condition, in view of the current experimental constraints on the Higgs and gluino masses, the transmission of supersymmetry breaking at the GUT scale M GU T ≃ 2×10 16 GeV cannot be achieved for non-universal Higgs masses and universal gaugino masses. A way out is to give up the universality of the squark masses, a generic situation which appears on soft breaking terms coming from superstring theories [26] . Therefore in this section we will consider soft breaking terms characterized by the five independent parameters defined at the unification scale
on which we will impose the double FP condition (3.7). The results are shown in Figs. 6 and 7. This kind of boundary condition could potentially produce a non-zero Fayet-Iliopoulos (FI) term in the RGE evolutions of soft masses. As its impact on the present calculation is proportional to g 2 1 and therefore tiny, we are going to assume in the remaining of this subsection that the rest of scalar masses are such that the FI cancels.
In the left panel of 
Electroweak Symmetry Breaking and the Charged Higgs Mass
The value of m H D at the low scale Q 0 has to satisfy the EoM, Eq. (2.4), which leads to m H D (Q 0 ) ≃ tan β µ(Q 0 ). As the value of m H D at the high scale M does decouple from the 
The allowed region by the Higgs mass is superimposed. 5) where the factor 3 comes from the number of generations and we have assumed flavor universality. For simplicity, we will assume that the mass difference in the slepton sector is zero or small compared to the ones appearing in the squark and Higgs sector. In such a case, m H D is simply determined as a function of m H U and the squark mass parameters.
As an example, let us assume that m 
Lightest Neutralino, Dark Matter and Stop Searches
Quite generally, in the generalized focus point scenario, the value of µ is small and then the lightest neutralino has a significant Higgsino component. Light Higgsinos lead to a thermal relic density that is far smaller than the one observed experimentally and therefore either non-thermal production or other sources of Dark-Matter are required in this case.
If Higgsinos are the only particle lighter than the light stop, then the stop would tend to decay into a bottom quark and a charged Higgsino. The charged Higgsino, in turn, would decay into a neutral Higgsino and soft quarks and leptons, which would be difficult to observe at the LHC. Therefore, at the LHC stop decays would lead to bottom quarks and missing energy and therefore standard sbottom searches (with sbottoms decaying into bottom quark and missing energy) may be used to constrain this scenario [30] . Stop masses within a few tens of GeV of the neutralino mass would remain unconstrained in this case.
In certain cases, the gaugino masses are small and then a thermal Dark Matter may be obtained with a well tempered neutralino condition [31] . For instance, Table 3 present a case in which the Bino mass is of order 300 GeV and naturally of order µ. In general, M 1 has only a small impact on the renormalization group evolution of the scalar mass parameters and therefore the value of M 1 may be lowered without affecting the general properties of the FP solution. Direct Dark Matter detection mediated by the CP-even Higgs bosons put constraints on this scenario, which become weaker for negative values of M 1 [32] [33] [34] [35] . On the other hand, in such a case the mass difference between charginos and neutralinos become larger than in the light Higgsino scenario and searches for stops proceed in the standard b + W + Missing Energy channel that we discussed in Sec. 2.
In this article we have discussed the possibility of obtaining a double focus point, light stop scenario, in which both the right-handed stop mass parameter m 2 U R and the Higgs mass parameter m 2 H U become independent of the generic supersymmetric particle mass scale. We have required the gluino to be heavy and a stop mixing parameter A t such that the right Higgs mass is obtained without affecting in a drastic way the Higgs phenomenology. For this to happen, the low energy mixing parameter should be of the order or somewhat larger than the heaviest stop mass, namely A t (Q 0 ) > ∼ m Q L (Q 0 ). The requirement of obtaining a light stop within the focus point scenario demands particular correlations of the scalar and gaugino mass parameters at the messenger scale. In particular, this cannot be achieved in the case of universal scalar and gaugino masses. We have shown, however, that a double focus fixed point may be achieved in the case of nonuniversal Higgs mass parameters. Even in such a case, the LSS demands a messenger scale significantly smaller than the GUT scale M GU T ≃ 2 × 10 16 GeV. In view of these constraints, we have studied the conditions under which a light stop may be obtained with a messenger scale of the order of the GUT scale. Concentrating on the case of universal gaugino masses, we have determined the specific scalar mass parameter correlations that lead to the presence of a double focus point within the LSS. For this to happen, for not too heavy gluino masses, the scalar mass parameters at the GUT scale must remain of the same order, but they must fulfill specific correlations, namely, m 
